models are compared in terms of macroscopic and microscopic features.
Experimentally, ethanol was given orally in a single dose and indomethacin was subcutaneously injected into male Wistar rats. After ulcerative challenges, the stomachs were removed and visually inspected. Anti-ulcerative drugs were used to validate the models. Histological analysis of the stomachs determined the microscopic score. The methodology used for model evaluation applied to macroscopic and microscopic gastric lesions. With these methods it was possible to induce lesions in the gastric mucosa. Microscopic evaluation permitted assessment of the inflammatory and apoptotic impact in the mucosa not observable by macroscopic evaluation. Groups of animals were treated with two standard drugs: sulcralfate suspension or lansoprazole solution. Both drugs reduced macroscopic and microscopic lesions, particularly the hemorrhagic ones. Both models induced acute gastric mucosal injury and no single evaluation method can address all the aspects of the pathology of gastric lesions. As a complement to macroscopic evaluation, microscopy appears to be a relevant tool to selectively identify specific aspects of the development of mucosal injury, quantify the extent of lesions, and contribute to an appropriate interpretation of results. The score systems established here offer a reliable method for testing antiulcer drugs.
K E Y W O R D S
animal models, gastric ulcer, histology, pre-clinical assays disease, and consequently a decrease of incidence of H pylori has occurred in the recent years. However, other factors like stress, smoking and alcohol-related behaviour, and excessive intake of non-steroidal anti-inflammatory drugs have increased the incidence of gastric ulcers of various origins. 3 Most of the commercially available drugs such as omeprazole and other anti-acid drugs show limited efficacy against gastric disorders and are often associated with serious side effects. 4 It has long been known that alcohol consumption can trigger inflammation of the gastric mucosa (Figure 1 , left). Once administered, ethanol rapidly penetrates the gastrointestinal mucosa causing membrane damage, cell exfoliation, and erosion. Increased mucosal permeability to gastric acid resulting from these effects, together with the release of vasoactive products from mast cells, macrophages, and blood cells can lead to necrosis and subsequently to ulcer formation.
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A wide number of models for inducing gastric lesions are used to screen for the ability of new therapeutics to protect the gastric mucosa, but no systematic comparison is available. Gastric mucosal lesions can be induced by hypothermic restraint stress, pylorus ligation, or agents that damage of necrotize the mucosa including ethanol, HCl, NaOH, and non-steroidal anti-inflammatory drugs (like aspirin, indomethacin, and phenylbutazone). Ethanol is generally used for ulcerogenesis studies. An example is the use of ethanol-induced ulcerogenesis models to evaluate the treatment of peptic ulcers in Turkish folk medicine through the application of mature fruits of Momordica charantia L. 6 Ligumskys and coworkers studied the effect of several antioxidants on ethanol-induced gastric lesions in rats, 7 and suggested that ethanol-induced gastric damage is associated with generation of oxygen-derived radicals independent of the xanthine oxidase system. Other authors 8 suggested that use of plant extracts of Centella asiatica prevents ethanol-induced gastric mucosal lesions by strengthening the mucosal barrier and reducing the damaging effects of reactive oxygen species (ROS). Pannangpetch et al reported an antipeptic ulcer effect using banana extracts, although the effect was found to be dependent on banana variety. 9 They hypothesized that a prostaglandin-type action mechanism could be present.
Other processes, such as the production of ROS, reduction of prostaglandin synthesis and increased synthesis of leukotrienes may also contribute to alcohol-induced gastric lesions. Thus, the use of the ethanol-induced ulcer model allows the induction of gastric ulcers by direct action on the mucosa. 
| MATERIAL S AND ME THODS

| Materials
Ethanol and indomethacin were purchased from Sigma Chemical Co. Recordati) were a gift from JABA Recordati. Sodium bicarbonate was analytical grade and was purchased from Merck (Darmstadt, Germany).
| Animals
Male 
| Animal models
| Ethanol-induced gastric ulcers
Animals were fasted for 24 hours with free access to water and maintained in this condition after ethanol administration. To induce gastric ulcers, ethanol (96%; 1 mL) was administered by intra-gastric gavage, using ball-tipped 18-gauge stainless steel curved feeding needle (76 mm length; Harvard Apparatus, Holliston, MA, USA).
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Ethanol administration usually took place during the morning. One hour after ethanol administration animals were sacrificed.
| Indomethacin-induced gastric ulcers
Animals were fasted for 24 hours with free access to water and maintained in this condition after indomethacin administration.
Ulcers were induced by the administration of 0.5 mL indomethacin solution (50 mg/kg) by subcutaneous injection. In a preliminary experiment, we tested the time needed to induce ulcers ( Figure   S1 ). For that study, animals were sacrificed at different time points.
This test determined that the action of indomethacin is slower than that of ethanol, only inducing ulcers 8 hours after subcutaneous administration. Indomethacin administration usually took place during the morning. Eight hours after subcutaneous administration animals were sacrificed.
| Treatment with model drugs
For each induced gastric ulcer model, one group of animals (at least three animals per group) was treated with 50 mg/kg (1 mL) sulcralfate suspension by intra-gastric gavage, using a ball-tipped 18-gauge stainless steel curved feeding needle (76 mm length; Harvard Apparatus, Holliston, MA, USA), 15 minutes before challenge; and another group of animals was treated with 30 mg/kg (1 mL) lansoprazole solution (prepared from lansoprazole capsules solubilized in 8.4% sodium bicarbonate) by intra-gastric gavage, as described above, 15 minutes before challenge. As previously described, animals were sacrificed 1 hour after ethanol administration or 8 hours after indomethacin injection.
| Gastric lesion evaluation
| Macroscopic and microscopic evaluation
Stomachs were immediately removed after sacrifice, opened along the greater curvature and washed with saline solution (0.9% NaCl).
After examination by a blinded pathologist, tissues were photographed and then fixed in buffered formalin to undergo histological preparation. The scoring system for macroscopic and microscopic evaluation used in this work is presented in Table 1 .
| Histological studies
For histopathological examinations, stomachs were embedded in paraffin blocks, sectioned at 5 μm intervals, mounted on glass microscope slides and stained with hematoxylin and eosin. Histological characterization comprised the following parameters: tissue erosion depth, and presence of hemorrhage, inflammation, and apoptosis. Representative histology images of each score are presented. (Figures S2 and S3 ).
| RE SULTS AND D ISCUSS I ON
The gastric ulcer induction assays revealed macroscopic or micro- The macroscopic evaluation score was based in gastric mucosa hemorrhage. The sum of the scores for the different parameters allows calculation of the total macroscopic score, with a maximum possible of 8. The microscopic evaluation score was based in histological analysis. The sum of the scores for the different parameters allows calculation of the total microscopic score, with a maximum possible of 12.
F I G U R E 2 Macroscopic and microscopic scores of ethanol-and indomethacin-induced gastric ulcers in control animals (induced nontreated animals; dark grey bars), animals treated with sucralfate (light grey bars) and animals treated with lansoprazole (white bars). *Animals treated with lansoprazole and induced with indomethacin presented macroscopic lesions scored as zero drugs significantly reduced the depth of mucosal erosion and hemorrhage in both animal models ( Figure 5 ).
Lansoprazole is a proton pump inhibitor which inhibits the production and secretion of acid into the gastric lumen, and its potential harmful action is normally neutralized by gastric mucosal protection mechanisms. In the ethanol-induced ulceration model, this protective mucosal barrier is probably damaged and the exposed mucosa The ulcerative process is thus sometimes preponderant, leading to highly variable results.
The anti-ulcer action of lansoprazole is independent of acid production and secretion. Lansoprazole induces mucosal protection through gastrin receptor-dependent up-regulation of cyclooxygenase-2 in rats. 12 In this work, lansoprazole granules were dissolved in 8.4% sodium bicarbonate, a common vehicle used to suspend and solubilize this drug. 12 The administration of sodium bicarbonate can to some extent exert a neutralizing action, increasing the effect of lansoprazole on the mucosa.
The administration of sucralfate did not prevent the macroscopic effects induced by ethanol. In contact with the acidic environment of the stomach, sucralfate dissociates to form sucrose sulfate ions, which bind to the existing proteins in the injured mucosa. In our study, the animals were fasted for 24 hours before each test and the fasting period may have caused some gastric lesions, allowing the proteins exposed to bind to the sucralfate. Other mucosal areas may not be damaged by the fasting period, and these areas may stay vulnerable to the action of ethanol. When sucralfate is administered, a sucrose-protein-sulfate complex can form that is resistant to peptidic hydrolysis and indifferent to the action of HCl, bile acids, and salts. However, it is not known whether this complex is resistant to the absolute ethanol volume administered, and part of the protective system produced by sucralfate may be destroyed.
| CON CLUS IONS
Development of strategies to treat and prevent gastric ulcers is dependent on creating models that mimic physiologic lesions. Each model provides an opportunity to create reproducible levels of injury, and different models should be complementarily considered to investigate and treat acute gastric mucosal lesions. Microscopic evaluation is a valuable tool to complement the macroscopic evaluation of induced ulcers in rats. The score system presented in this work for the quantitative evaluation of biochemical and immunological parameters should be considered when exploring new therapeutic entities with potential anti-ulcerative activity. 
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